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We have calculated rates of β− decay to both continuum and bound states separately for some
astrophysically important fully ionized (bare) atoms in the mass range A ≈ 60-240. Most of these
nuclei are on the s-process path. One of the motivations of this work is that the previous theoretical
calculations were very old and/or informatically incomplete. Probably no theoretical study on this
subject has been done in the last three decades. For the calculation, we have derived a framework
from the usual β− decay theory used by previous authors. Dependence of the calculated rates on
the nuclear radius and neutral atom Q-value have been examined. We have used latest experimental
data for nuclear and atomic observables, such as β− decay Q-value, ionization energy, neutral atom
β− decay branchings, neutral atom half-lives etc. Results of β− decay rates for decay to continuum
and bound states and the enhancement factor due to the bound state decay for 114 transition cases
in 27 different nuclei (33 parent levels) have been tabulated and compared with the previously
calculated values, if available. The effective rate or half-life calculated for bare atom might be
helpful to set a limit for the maximum enhancement due to bound state decay. Finally, β− decay
branching for bare atom has been calculated and for the first time, the change in branching in bare
atom, compared to that in neutral atom, has been found. Reason for this branching change has been
understood in terms of Q-values of the transitions in the neutral and bare atoms. Verification of
this branching change phenomenon in bare atom decay might be of interest for future experiments.
I. INTRODUCTION
It is well known that the usual theory of β− decay pre-
sumes that the decay of a neutron to proton is accompa-
nied by the creation of an electron and an anti-neutrino
in continuum states. However, in a stellar plasma where
atoms get ionized, this continuum decay is not the sole
option. Nuclear β− decay to the bound states of the
ionized atom is an another probable channel. In 1947
Daudelet al. [1] first proposed the concept of bound state
β decay. This suggests that a nucleus has a possibility to
undergo β− decay by creating an electron in a previously
unoccupied atomic orbital instead of the continuum de-
cay. It is important to understand that the bound state
decay process does not occur subsequently from the β−
decay of an electron previously created in the continuum
state, it is rather the direct creation of an electron in
an atomic bound state accompanied by a mono-energetic
anti-neutrino created in the free state carrying away the
total decay energy. This process has been studied both
theoretically as well as experimentally over the past seven
decades.
In case of a neutral atom, available phase space for
the creation of an electron in a vacant atomic orbital is
very small and therefore the bound state decay is almost
negligible compared to the contribution of the contin-
uum decay. Contrarily, ionizations of atoms may lead to
drastic enhancement of bound state β decay probability
due to the availability of more unoccupied atomic lev-
els. In some previous theoretical works from 60’s to 80’s,
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various groups have studied the continuum and bound
state β decay for neutron, tritium [2] and fully ionized
(bare) heavy atoms [3–5]. However, in most cases, previ-
ous theoretical works were based on very old data and/or
informatically incomplete. Simultaneously, the develop-
ment of experimental techniques have served fruitfully to
detect bound and continuum state β decay channels of
fully ionized atoms. In 1992, Jung et al. first observed
the bound state β− decay for the bare 163Dy atom [6] by
storing the fully ionized parent atom in a heavy-ion stor-
age ring. In the same decade, Bosch et al. studied the
bound state β− decay for fully ionized 187Re [7] which
was helpful for the calibration of 187Re - 187Os galactic
chronometer [8]. Further experiments with bare 207Tl
[9] showed the simultaneous measurement of bound and
continuum state β− decay. However, the authors have
mentioned this decay as a single β− transition process
to a particular daughter level with 100 % branching [9]
whereas, the present data [10] suggests three available
levels among which the total β− decay is distributed.
In earlier studies, Takahashi and Yokoi [3, 5] had inves-
tigated β transition (bound state β− decay and orbital
electron capture) processes of some selected heavy nuclei
suitable for s-process studies. However, in their work,
they had not given separately the bound state decay rate
of bare atoms. Further, in another work, Takahashi et
al. [4] had studied the β− decay of some bare atoms
for which bound state β− decays produce significant en-
hancement in decay rates and proposed measurement in
storage ring experiment. However, they did not take into
account the contribution of transitions to all possible en-
ergy levels of the daughter nucleus in total β− decay rate
enhancement. As an example, according to present β−
decay data [10] there are six possible β− transitions from
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2the [117.59 keV, 6+] state of 110Ag to various states of
110Cd, but they had mentioned the contribution of only
one transition.
With the availability of modern day experimental β
decay half-lives in terrestrial condition for the neutral
atom, experimental Q-values for β− decays and atomic
physics inputs, it becomes inevitable to re-visit some of
the earlier works. Moreover, in a previous work, Taka-
hashi and Yokoi [3] addressed a few nuclei in their ‘case
studies’, undergoing β− transitions, as some of the essen-
tial turnabouts in s-process nucleosynthesis, where con-
tributions from atoms with different states of ionization
were considered. However, the explicit study of bound
and continuum state β− transitions of bare atoms for
most of these nuclei remained unevaluated till date both
experimentally as well as theoretically.
In the present work, our aim is to study the β− de-
cay of some elements, in the mass range (A ≈ 60 - 240),
which are important for astrophysical studies as well as
for future experimental evaluations of bound state β− de-
cay using storage ring. In particular, calculations of β−
decay rates to the continuum as well as bound state of
these fully ionized atoms, where informations for neutral
atom experimental half-life and β− decay branchings are
terrestrially available, have been performed. Most impor-
tantly the study of effective half-lives for bare atoms will
be helpful to set a limit for the maximum enhancement
in β− decay rate due to the effect of bound state decay
channels. Moreover, we have also discussed the effect
of different nuclear structure and decay inputs (Q value,
radius etc.) over the bound to continuum decay rate ra-
tio. In addition, some interesting phenomena of changes
in β− decay branching for a number of bare atoms have
been discussed, for the first time.
The paper is organized as follows: section II contains
the methodology of our entire calculation for bound and
continuum state β− decay rates for bare atom, as well as
comparative half-life (Logft) for neutral atom. In section
III A we have discussed our results for the neutral atoms,
whereas in section III B results for the bare atoms have
been discussed. The phenomenon of change in β− decay
branching is also discussed explicitly in the section III B.
Conclusion of our work has been described in section IV.
II. METHODOLOGY
In this work, we have dealt with the allowed and first-
forbidden β− transitions for fully ionized atoms. The
contributions of higher-order forbidden transitions are
negligible in the determination of the final β− decay rate
and thus we have not tabulated the contributions for the
same.
The transition rates (in sec−1) for allowed (a), non-
unique first-forbidden(nu) and unique first-forbidden(u)
transitions are given by [3–5]
λ = [(ln2)/f0t](f
∗
m) for m= a, nu (1)
= [(ln2)/f1t](f
∗
m) for m= u .
Here t is the partial half-life of the specific parent-
daughter energy level combination for which transition
rate has to be calculated and f∗m is the lepton phase vol-
ume part described in detail, below in this section. For
allowed and non-unique first-forbidden β− decay, the ex-
pression for the decay rate function f0(Z,W ) can be sim-
plified to [11, 12]
f0(Z,W ) =
∫ W0
1
√
(W 2 − 1)W (W0 −W )2 (2)
×F0(Z,W )L0dW.
The certain combinations of electron radial wave func-
tions evaluated at nuclear radius R ( in the unit of }/mec)
was first introduced by Konopinski and Uhlenbeck [12] as
Lk’s. The value for k = 0 can be approximated as
L0 =
1 +
√
1− α2Z2
2
. (3)
Here, α is the fine structure constant.
In Eq.(2), W is the total energy of the β− particle for
a Z − 1 → Z transition and W0 = Qn/mec2 + 1 is the
maximum energy available for the β− particle. Here the
mass difference between initial (parent) and final (daugh-
ter) states of neutral atoms are expressed as the reaction
Q values (Qn in keV). The term F0(Z,W ) is the Fermi
function for allowed and non-unique transition, given by
[12]
F0(Z,W ) =
4∣∣Γ (1 + 2√1− α2Z2)∣∣2 (4)(
2R
√
W 2 − 1
)2(√1−α2Z2−1)
exp
[
piαZW√
W 2 − 1
]
×
∣∣∣∣Γ(√1− α2Z2 + i αZW√W 2 − 1
)∣∣∣∣2 .
Similarly, for the unique first-forbidden transition the
decay rate function f1(Z,W ) has the form reduced from
Refs. [11, 12] is given by,
f1(Z,W ) =
∫ W0
1
√
(W 2 − 1)W (W0 −W )2F0(Z,W ) (5)
× [(W0 −W )2L0 + 9L1] dW,
with L1 given by
L1 =
F1(Z,W )
F0(Z,W )
(
W 2 − 1
9
)
2 +
√
4− α2Z2
4
. (6)
3The term F1(Z,W ) for unique β
− transition is given
by [12]
F1(Z,W ) =
(4!)2∣∣Γ (1 + 2√4− α2Z2)∣∣2 (7)(
2R
√
W 2 − 1
)2(√4−α2Z2−2)
exp
[
piαZW√
W 2 − 1
]
×
∣∣∣∣Γ(√4− α2Z2 + i αZW√W 2 − 1
)∣∣∣∣2 .
It is important to mention that the reduced expres-
sions for f = f0 and f = f1 in Eqs. (2) and (5) already
include the screening correction due to Coulomb field of
the electron cloud as prescribed by Gove and Martin [11].
However, the picture is still incomplete since the finite
nuclear size correction due to the extended charge dis-
tribution of the nucleus on the β spectrum is still ne-
glected. We have therefore incorporated this correction
as Λk → Λk + ∆Λk, where the term Λk can be written in
terms of Lk and F0(Z,W ) as [11]
Λk = F0(Z,W )Lk−1
[
(2k − 1)!!
(
√
W 2 − 1)k−1
]2
, (8)
in such a way that it reduces to [F0(Z,W )L0] and[
9F0(Z,W )L1/(W
2 − 1)] for k = 1 and 2, respectively.
The correction term is given by [11]
∆Λk = (Z − 50)× (9)[−25× 10−4 − 4× 10−6W × (Z − 50)]
for k = 1, Z > 50,
= 0 for k = 1, Z ≤ 50,
= 0 for k > 1 .
Therefore, by using Eqs. (8) and (9) in the integrand
of Eq. (2) and Eq. (5) one can calculate the values for
f0(Z,W ) and f1(Z,W ) incorporating major corrections.
Further, from the above expressions (Eqs.(4) and (7)), it
is evident that the factors F0(Z,W ) and F1(Z,W ) de-
pends on the radius, thereby making the terms f0 and f1
(Eqs.(2) and (5)), radius dependent. Thus, in our present
study, we have used various radius values from different
phenomenological models and experiments to study their
effects on the final ft values. In order to calculate ft val-
ues for a nucleus, we have extracted the half-life t for
individual transition to daughter levels using the latest
β decay branching information available in the literature
[10].
The lepton phase volume f∗m [5] for the continuum
state β− decay can be reduced to
f∗m=a,nu(Continuum) =
∫ Wc
1
√
(W 2 − 1) (10)
W (Wc −W )2F0(Z,W )L0dW,
and
f∗m=u(Continuum) =
∫ Wc
1
√
(W 2 − 1) (11)
W (Wc −W )2F0(Z,W )×[
(Wc −W )2L0 + 9L1
]
dW,
Here Wc = Qc/mec
2 + 1 is the maximum energy avail-
able to the emitted β− particle, and Qc is given by:
Qc = Qn − [Bn(Z + 1)−Bn(Z)] . (12)
The term [Bn(Z + 1)−Bn(Z)] denotes the difference
of binding energies for bound electrons of the daughter
and the parent atom. The experimental values for all
the atomic data (binding energies/ionization potential)
are availed from Ref. [13].
Further, for the bound state β− decay of the bare atom
f∗m takes the form [5]
f∗m=a,nu(Bound) =
∑
x
σx (pi/2) [fx or gx]
2
b2 (13)(
for x = ns1/2, np1/2
)
,
and
f∗m=u(Bound) =
∑
x
σx (pi/2) [fx or gx]
2
b4 (14)(
for x = ns1/2, np1/2
)
,
=
∑
x
σx (pi/2) [fx or gx]
2
b2
(
9/R2
)
(
for x = np3/2, nd3/2
)
.
Here [fx or gx] is the larger component of electron ra-
dial wave function evaluated at the nuclear radius R of
the daughter for the orbit x. The [fx or gx] is obtained
by solving Dirac radial wave equations using the Fortran
subroutine RADIAL by Salvatet al. [14]. In our case, σx
is the vacancy of the orbit, chosen as unity and b is equal
to Qb/mec
2 where,
Qb = Qn − [Bn(Z + 1)−Bn(Z)]−Bshell(Z + 1). (15)
For example, in case of a bare atom, if the emitted β−
particle gets absorbed in the atomic K shell, then the last
term of Eq.(15) will be the ionization potential for the K
electron denoted by BK(Z + 1).
III. RESULTS AND DISCUSSION
In this work, we have calculated β− decay transition
rates for bound and continuum states, for a number of
4fully ionized atoms in the mass range A ≈ 60-240. One of
the motivations is that there are some evidences where
earlier works were not equipped enough to address the
entire β− decay scenario. This might be due to the un-
availability of information about all the energy levels par-
ticipating in transition processes.
As an example, Takahashi et al. [4] have observed
transitions for allowed(a), first-forbidden non-unique(nu)
and first-forbidden unique(u) decay of parent nuclei to a
few energy levels of daughter nuclei. For instance, in
the case of 228Ra nucleus, the authors have tabulated
the decay from the ground state of the parent [E(keV),
Jpi] = [0.0, 0+] nucleus to [6.3, 1−] and [33.1, 1+] states of
the daughter nucleus 228Ac. However, these two transi-
tions cover only the 40% of the total β− decay branching
of neutral 228Ra atom from the ground state. With the
latest experimental data [10], we find that there are two
more available states of 228Ac where the rest amount of
β− decay from the ground state of 228Ra occur. In this
section, it will be shown that the contributions of all
these four states are extremely important in the deter-
mination of effective enhancement of β− transition rates
of bare 228Ra as well as to understand the phenomenon
of branching-flip, discussed in section III B.
For simplicity, this section is subdivided into two parts.
In the first subsection, the observation from Table 1,
which involves the calculation of Log ft for the neutral
atom, has been elaborated. In the next subsection, the
β− decay transition rates of bare atoms have been dis-
cussed with a detailed explanation of Tables 2 and 3.
The dependence of these decay rates on different param-
eters is also examined in the same subsection. Finally, we
have shown and discussed the change in individual level
branchings in fully ionized atoms.
A. Log ft calculation for neutral atoms
It is evident from Eqs.(1-9) that the calculation for
ft = f0t/f1t is one of the essential components in the
determination of the transition rate λ, which in turn de-
pends on radius R of the daughter nucleus.
In Table 1 we present the values of Log ft for some
neutral atoms at different radii and compare our calcu-
lations with existing theoretical as well as experimental
results. The first column of the table gives schematic rep-
resentations of experimentally available transition levels
for β− decay of neutral atoms in terrestrial condition in-
cluding all possible allowed and forbidden decay modes.
The term T1/2 in the ‘Decay Transition’ panel denotes
the total half-life of the concerned energy level of the
parent atom (including all possible decay channels, viz.
β, α, IT etc). However, as explained in section II, we
have tabulated Log ft values only for allowed (a), first-
forbidden non-unique (nu) and first-forbidden unique (u)
transitions.
Here, in Table 1, R1 is the phenomenological radius
evaluated as R1 = 1.2A
1/3 fm, whereas R2 is the nuclear
charge radius [15] and R3 is the half-density radius given
by [11] R3 = (1.123A
1/3 − 0.941A−1/3) fm. We have
calculated Log ft values for R1, R2 and R3 and com-
pared them with experimental data given in the farthest
column. Besides, we have tabulated the available values
from previous calculations of Takahashi et al. [4] in the
same table.
One can see that the change in radius may cause a
change in the Log ft value mostly in the second decimal
place. In the next subsection, we will show the effect of
these variations on the transition rates for bare atoms.
Further, from Table 1, it can be noted that our calcu-
lation matches with the experimental Log ft data [10] in
most cases up to the first decimal place. The agreement
of our result with experimental data [10] confirms the
applicability of the methodology adopted in our current
study.
Sometimes the comparison of calculated Log ft values
with experimental data give an idea about the spin-parity
of participating energy levels where these quantities are
still unconfirmed experimentally. We have identified a
few such transitions in Table 1. In the transition from
123Sn [0.0, 11/2−], there are a few states of the daughter
123Sb, where the spin values are not experimentally con-
firmed yet (identified as (J)pi and/ or (Jpi) in Table 1). In
the transition from 123Sn [0.0, 11/2−] to E = 1181.3 keV
state of the daughter, if it chooses the decay channel with
the spin-parity Jpi = (9/2)+ then the transition will be of
the type (nu), whereas for the choice of spin Jpi = (7/2)+,
the transition [0.0, 11/2− → 1181.3, (7/2)+] will be the
(u) type. Now comparing with the available experimen-
tal Log ft value, it seems from our calculation that the
(nu) case is in a good agreement whereas the (u) case
deviates (difference ∼ 0.4 ) from the same for all choices
of the radius R.
Similarly, from Table 1, our observations for other such
transitions are given by (see Table 1 for Log ft compar-
ison)
• 123Sn [0.0, 11/2−]→123Sb [1260.9, (9/2)+]: (nu),
• 123Sn [0.0, 11/2−]→123Sb [1337.4, 9/2+]: (nu),
• 152Eu [45.5998, 0−]→152Gd [1460.5, 1+]: (nu).
Note-1: This type of study is not conclusive in the
transition from [137.9, 5−, 6−] level of the 148Pm nucleus.
Depending on the spin of the parent level 5−/6−, all four
transitions to the daughter level will either be of type
(a) or (nu) and thus, the Log ft value in each case will
remain the same.
Note-2: In case of 152Eu [45.5998, 0−] to 152Gd
[1047.9, 0+] transition our Log ft differs from that of
the experimental value [10] by a difference of ∼ 0.16 -
0.18 (for different radii). However, we find a numerical
mismatch in the experimental tabulation for the energy
value of [1047.9, 0+] state of 152Gd [10, 16].
Note-3: For the β− transitions from the first ex-
cited state of 95Nb, the parent level is mentioned as
[234.7, 1/2−] in Ref. [17], whereas in Ref. [10] this energy
level is mentioned both as [235.7, 1/2−] and [234.7, 1/2−]
in different places. However, our calculation of Logft
5matches with the reported Logft value only when we
have taken the level energy as 234.7 keV.
B. Bound and Continuum decay rates for bare
atoms
In Table 2, bound and continuum β− decay rates of
bare atoms are presented. The first column of the table
illustrates the transition details and the columns ‘Prev.
Values’ denote previous theoretically calculated values of
Takahashi et al. [4].
It is observed that the dependence on radius affect the
bound (λB) and the continuum state (λC) decay rates
in first or second decimal places, and the ratio λB/λC
remains almost unaffected up to the first decimal place
for most of the examined cases.
Further, from Table 2, we find that the values for λB
and λC from our calculation agree with those of the exist-
ing theoretical results [4] quite well. The possible reasons
for the slight mismatch between our calculation and that
from Takahashi et al. [4] are mainly due to (i) the effect
of the nuclear radius, (ii) the adoption of present day Q
values (for all Qn, Qc and Qb), (iii) availability of present
day β− decay branching of neutral atoms and (iv) the
choice of significant digits. Despite that, the overall suc-
cess of our calculation in reproducing available λB and
λC for bare atoms once again justify the extension of the
present calculation for previously unevaluated cases.
It can again be shown from Table 2 that in a transition
from the parent nucleus AXZ−1 to different energy lev-
els of the daughter nucleus AXZ , the ratio λB/λC for all
transitions are not same, rather it decreases with increas-
ing Qn value. It can be understood from the expressions
in Eqs.(10-15) where the factors f∗Continuum and f
∗
Bound
depend on Qc and Qb, respectively, which are again de-
rived from the neutral atom Q value Qn. Due to different
Qn values for different transitions, λB/λC can be identi-
fied as a function of Qn. For the sake of understanding, in
Figure 1, we have plotted the ratio λB/λC versus Qn for
the nuclei 115Cd, 123Sn, 136Cs and 152Eu. In each case, a
dependence on Qn is observed which can be fitted to the
form
λB
λC
= a× (Qn)b (16)
where a and b are the nucleus dependent constants
given in Table 3.
Table 3: Parameters a and b for Eq.(16)
Parent → Daughter Parameter a Parameter b
115Cd → 115In 3093.12 ± 317.17 -1.48 ± 0.02
123Sn → 123Sb 12657.22 ± 1515.52 -1.73 ± 0.03
136Cs → 136Ba 5178.76 ± 654.04 -1.52 ± 0.02
152Eu → 152Gd 18851.81 ± 1065.69 -1.68 ± 0.01
The Table 3 confirms that Eq.(16) is a characteristic
feature of λB/λC ratio of the bare atom with particular
Z and A values. If there is mistake in the calculation of
a f∗ for λB or / and λC , then the ratio point will not fit
to such a power law.
In Table 4, we have tabulated effective β− decay half-
lives for bare atoms (for the radius R1) and compared
to those of neutral atoms. It should be noted that the
neutral atom half-life given in column 3 of the table is the
total half-life corresponding to all types (a, nu, u) of β−
transitions only. It is evident from the values of λBare(=
λB + λC)/λNeutral (in the rearmost column of Table 4),
called here rate enhancement factor, that there must be
an enhancement in the decay rate for each transitions
(i.e. λBare/λNeutral > 1).
In Figure 2, the ratio of λBare/λNeutral for
110Ag,
155Eu and 227Ac have been shown. From the figure, it
can be noted that rate enhancements (a) are different
for different transitions of a particular nucleus, (b) are
dependent on Qn values : lower the Qn, larger the en-
hancement. Moreover, this rate enhancement factor (c)
also depends on Z and A of the atom; larger the value of
Z and/or A, larger the enhancement.
Transition details: case studies
The dependence of the rate enhancement factor on Qn
causes a change in β− branching for the bare atom. In
bare atom, branchings similar to the neutral atom can
only be achieved if the factor λBare/λNeutral remains
constant with Qn, which is obviously not the case (Fig-
ure 2). In other word, this change can be understood to
be an outcome of the non-uniformity of the λB/λC ratio
with Qn. It is observed that the continuum decay rate for
bare atom decreases with respect to that for the neutral
atom (i.e. λC < λNeutral) due to the reduction of contin-
uum Q value (Qc < Qn, Eq. (12)). Further from Figure
1, it is clear that with the decrease in the Qn value, λB
dominates more over λC and hence the effective decay
rate of the bare atom λBare = λB + λC does not follow
the same branching as that of the neutral atom.
Note-4: For the β− transition having very low Qn
value, bound state decay may be the only path of β− de-
cay. As an example, in the transition of 227Ac [0.0, 3/2−]
to 227Th [37.9, 3/2−] with Qn = 6.9 keV, Qc for con-
tinuum decay of the bare atom becomes −13.1 keV. As
evident from Eqs.(10-12), due to the negative value of
Qc, the corresponding decay channel gets closed. On the
other hand, as (Qb−Qn) > 0 for this transition, the total
decay is governed by the bound state channel only.
As an example, in Figure 3, we have compared branch-
ings for neutral (left panel) and bare (right panel) 136Cs
atom. It can be seen from Figure 3 that the branch-
ings for all β− transitions of the bare atom have been
changed from that of the neutral atom. However, the
ordering of each branch remains unaltered in both cases,
i.e. the [0.0, 5+] → [2207.1, 6+] branch gets the maxi-
mum feeding followed by the [0.0, 5+]→ [1866.6, 4+] and
[0.0, 5+] → [2140.2, 5−] branches, whereas the minimum
6FIG. 1: (Color online) Ratio of λB/λC Vs the neutral atom Q-value Qn (in keV) for various β
− transitions (for the radius R1).
The dotted curves are obtained from fitting to Eq.(16). See text for details.
feed goes to [0.0, 5+]→ [2030.5, 7−] channel for both the
neutral and bare atoms.
Further, some notable observations and comments for
some nuclei are given below.
• In case of neutral 207Tl atom in terrestrial condition,
the [0.0, 1/2+] state of 207Tl decays to [0.0, 1/2−] state
of 207Pb with 99.729% branching, whereas [569.6, 5/2−]
state of the daughter has the branching >0.00004% and
[897.8, 3/2−] state has 0.271% branching [10] (Table 1).
For bare atom, Ohtsubo et al. [9] had observed bound
state decay rate λB = 4.29(29) × 10−4 sec−1 and con-
tinuum state decay rate λC = 2.29(012) × 10−3 sec−1,
by considering the transition to [0.0, 1/2−] state of 207Pb
with 100% branching. In our calculation for bare atom,
we have got bound state decay rate λB = 4.154 × 10−4
sec−1 and continuum state decay rate λC = 2.536×10−3
sec−1. The calculated branchings of bare 207Tl : ∼ 99.6
% to [0.0, 1/2−], ∼ 0.00005 % to [569.6, 5/2−] and ∼ 0.4
% to [897.8, 3/2−] states of the daughter 207Pb.
In our study, we found some special cases where ef-
fective branchings for the bare atom does not follow the
same ordering as that of the neutral atom. This indi-
cates a very interesting phenomenon of branching-flip,
addressed for the first time in this work. Sometimes the
additive contribution of λB and λC and the effect of these
two competing channels can lead to this branching-flip.
This can be understood from Figure 4. In Figure 4, de-
cay rates (sec−1) for neutral (λNeutral) and bare (λBare)
atom along with all decay components (λB and λC) of
the bare atom versus Qn are shown for the ground state
decay of 134Cs and 228Ra nuclei. One can see from Fig-
ure 4 that the highest point corresponding to λNeutral
(i.e. maximum β− branching in neutral atom) and the
highest point corresponding to λBare (i.e. maximum β
−
branching in bare atom) are coming from different transi-
tions to the daughter nuclei (different Qn values), which
clearly indicates the phenomenon of flip in the branching
sequence.
• In the case of 134Cs, λNeutral is maximum at Qn =
658.1 keV, which is due to the maximum branching to the
1400.6 keV level (see Table 1) of 134Ba [10]. In contrary,
for the same nucleus, λBare is maximum at Qn = 88.8
keV which therefore indicates the maximum branching to
the 1969.9 keV level (see Table 1) of the daughter 134Ba
for bare atom.
• Similarly for 228Ra, the maximum branching for the
bare atom ((λBare)max at Qn = 12.7 keV) shifts from
that of the neutral atom ((λn)max at Qn = 39.1 keV).
7FIG. 2: (Color online) Ratio of λBare/λNeutral Vs the neutral
atom Q-value Qn (in keV) for various β
− transitions (for the
radius R1). See text for details.
In Figure 5, we have shown the change and alteration
of transition branchings for the β− decay of 228Ra. One
can see the branching-flips of the participating levels of
the 228Ac atom in Figures 4 and 5. In case of the neutral
228Ra atom, maximum branching is 40% for the [6.7, 1+]
level of the daughter [10]. After complete ionization, the
major contribution of the total decay rate comes due to
the bound state enhancement of Qn =12.7 keV channel
which has ∼ 84.07% decay to the [33.1, 1+] level (30%
in neutral atom) of the daughter atom, whereas only ∼
5.81% of the total decay branching is observed for the
level [6.7, 1+].
There are a few more cases, where the branching-flips
are observed. However, not necessarily, all the transition
branches face the phenomenon of flip. It may also happen
that only two or three branches change their sequence,
whereas other branches remain at the same order as that
of the neutral atom.
• In the β− decay of 152Eu [45.5998, 0−] (Table 1 :
First column), we find that in both cases (neutral and
bare) the branching to [0.0, 0+] branch of the daughter
dominate over the rest, whereas a branching-flip is ob-
served between [344.3, 2+] and [1314.6, 1−] states.
• Similarly for 227Ac, we find that there is a branching-
flip between two transitions from [0.0, 3/2−] state of the
parent to [0.0, 1/2+] and [24.5, 3/2+] states of the daugh-
ter atom. The ratio of branching for these two levels is
5.4:1 for neutral atom, which changes to 1: 1.22 for bare
atom.
It should be noted that the ultimate fate of individual
branchings in the bare atom is decided by two factors:
the initial branching (required to calculate Log t for each
transition: a part of Log ft calculation) and Q value of
the neutral atom. The competition between these two
factors determine whether the branching-flip will occur
or not.
Effect of uncertainties : Furthermore, in order
to get the complete picture of β− decay for bare atom,
effects due to uncertainties in β− decay half-life and
Q value need to be considered. Our calculation con-
firms that the change in Log ft due to the uncertainty
(adopted from Ref [10]) in the Q value is trivial. In case
of half-life, however, the effect of uncertainty is appre-
ciable depending on the numerical value of the half-life.
In case of atoms with the β− decay half-life of the or-
der of seconds/minutes, no significant change is observed
in the calculation of Log ft due to the inclusion of ex-
perimental errors. The contributions peek out for long
lived nuclei with large uncertainties. For example, in
case of 93Zr atom, where the neutral atom half-life is
equal to 1.61 × 106(5) years, Log ft for the transition
[0.0, 5/2+ → 30.8, 1/2−] with the radius R1 is given by
10.234+0.014−0.013. Therefore, the final values for continuum
and bare state β− transitions including the uncertain-
ties can be written as λC = 6.874
+0.218
−0.208 × 10−15 sec−1
and λB = 6.132
+0.195
−0.186 × 10−15 sec−1, respectively. Obvi-
ously, the ratio λB/λC remains constant (i.e. λB/λC =
0.892+0.000−0.000) for the insertion of experimental errors in
the Log ft value.
IV. CONCLUSION
To summarize, in this work we have calculated indi-
vidual contributions of bound and continuum state β−
decays to the effective β− decay rate of the bare atom.
For this purpose, we have taken 114 terrestrially available
allowed, first-forbidden non-unique and first-forbidden
unique β− transitions from 27 different astrophysically
significant nuclei in A ≈ 60 to 240 mass range where
earlier information were partial and/or old.
Additionally, the dependence of transition rates over
the nuclear radius and the Q value is illustrated clearly
in our current study. We found a power law dependence
of λB/λC of a bare atom on Qn for each value of Z and A.
Along with the effective enhancement of transition rates,
for the first time, we have found that transition branch-
ings for the bare atom differs from that of the neutral
atom for all Z and A, which is an outcome of non-uniform
enhancement amongst the participating branches. Most
interestingly, we have found few nuclei, viz. 134Cs, 228Ra
etc., where some flip in the branching pattern is found
for their bare configuration. It will be interesting to see
how these results affect the results of calculation of nucle-
osynthesis processes and help planning new experiments
involving bare atoms.
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8FIG. 3: (Color online) Comparison of the β− decay branchings for neutral and bare 136Cs isotope (for the radius R1).
FIG. 4: (Color online) Decay rates (in sec−1) for neutral (λn) and bare(λt) atoms along with all the decay components (λB
and λC) of the bare atom (for the radius R1) with the neutral atom Q-value Qn (in keV). See text for details.
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Table 1: Log f0t(f1t) values for different choices of radii compared with the results of previous theoretical works and
experimental data. Here (-) : no available data for R2 and/or Takahashi, (*) : experimentally unconfirmed or error in data,
(dashed lines) : higher order forbidden transitions (not calculated here). See text for details.
Transition Details Present Calculation Previous values
Daughter Decay Qn R1 (fm) Log f0 (Log f1)R1 Log f0t(Log f1t)R1
Decay Transition level Type (keV) R2 (fm) Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 (fm) Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
0.0,
3
2
−]
(a) 66.945
4.775 -2.8377 6.665
6.64 6.7
3.882 -2.8320 6.671
4.232 -2.8360 6.667
[0.0, 1+] (a) 251.900
4.849 -1.0155 4.278
4.12 4.3
- - -
4.305 -1.0174 4.276
[
0.0,
5
2
−]
(u) 687.000
5.276 0.9251 9.457
- 9.446
4.204 0.9307 9.463
4.724 0.9287 9.461
[
514.0,
9
2
+]
(a) 173.000
5.276 -1.3777 9.515
- 9.51
4.204 -1.3699 9.522
4.724 -1.3727 9.520
[
151.2,
3
2
−]
(a) 840.660
5.276 0.9435 5.256
- 5.250
4.204 0.9513 5.264
4.724 0.9485 5.261
[
281.0,
1
2
−]
(a) 710.860
5.276 0.6785 7.393
- 7.39
4.204 0.6863 7.401
4.724 0.6835 7.398
[
731.9,
3
2
−]
(a) 259.960
5.276 -0.8107 7.118
- 7.1
4.204 -0.8029 7.126
4.724 -0.8058 7.123
[
30.8,
1
2
−]
(u) 60.000
5.437 -3.6084 10.234
(10.0) 10.17
4.324 -3.6034 10.239
4.880 -3.6068 10.235
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Daughter Decay Qn R1 (fm) Log f0 (Log f1)R1 Log f0t(Log f1t)R1
Decay Transition level Type (keV) R2 (fm) Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 (fm) Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
765.8,
7
2
+]
(a) 159.800
5.475 -1.3797 5.101
5.09 5.091
4.363 -1.3697 5.111
4.918 -1.3766 5.104
[
0.0,
5
2
+]
(u) 1160.300
5.475 2.2274 9.216
- 9.20
4.363 2.2350 9.224
4.918 2.2297 9.219
[
204.1,
3
2
+]
(nu) 956.200
5.475 1.2432 8.357
- 8.4
4.363 1.2533 8.367
4.918 1.2463 8.360
[
786.2,
1
2
+]
(nu) 374.100
5.475 -0.1873 8.455
- 8.4
4.363 -0.1772 8.466
4.918 -0.1842 8.459
[
820.6,
3
2
+]
(nu) 339.700
5.475 -0.3258 10.600
- 10.6
4.363 -0.3157 10.610
4.918 -0.3227 10.603
[
1039.3,
1
2
+]
(nu) 121.000
5.475 -1.7577 10.622
- ≥10.3
4.363 -1.7476 10.632
4.918 -1.7546 10.625
[
0.0,
5
2
+]
(u) 440.184
5.551 0.0884 9.423
- 9.38
4.434 0.0960 9.431
4.992 0.0907 9.426
[
89.6,
3
2
+]
(nu) 350.584
5.551 -0.2394 8.681
- 8.65
4.434 -0.2283 8.692
4.992 -0.2360 8.684
[
322.4,
3
2
+]
(nu) 117.784
5.551 -1.7545 8.540
- 8.5
4.434 -1.7434 8.550
4.992 -1.7511 8.543
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Daughter Decay Qn R1 (fm) Log f0 (Log f1)R1 Log f0t(Log f1t)R1
Decay Transition level Type (keV) R2 (fm) Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 (fm) Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
0.0, 1+
]
(a) 39.400
5.679 -3.1912 4.316
4.30 4.31
- - -
5.116 -3.1843 4.322
[
0.0,
1
2
−]
(u) 34.100
5.697 -4.2615 10.050
9.93 9.9
4.545 -4.2557 10.056
5.133 -4.2578 10.054
[2479.9, 6+] (a) 530.590
5.750 0.4463 8.285
- 8.277
4.577 0.4586 8.297
5.184 0.4541 8.293
[2539.7, 5−] (nu) 470.790
5.750 0.2691 10.816
- 10.81
4.577 0.2814 10.830
5.184 0.2770 10.826
[2659.5, 5−] (nu) 350.590
5.750 -0.1586 10.619
- 10.61
4.577 -0.1464 10.632
5.184 -0.1508 10.627
[2842.6, (5)−] (nu) 167.890
5.750 -1.1847 9.784
- 9.773
4.577 -1.1724 9.796
5.184 -1.1768 9.792
[2876.8, 6+] (a) 133.690
5.750 -1.4943 8.239
- 8.228
4.577 -1.4820 8.251
5.184 -1.4865 8.247
[2926.7, 5+] (a) 83.790
5.750 -2.1235 5.374
5.37 5.365
4.577 -2.1112 5.387
5.184 -2.1156 5.382
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Daughter Decay Qn R1 (fm) Log f0 (Log f1)R1 Log f0t(Log f1t)R1
Decay Transition level Type (keV) R2 (fm) Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 (fm) Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
0.0,
9
2
+]
(nu) 585.700
5.802 0.6151 9.263
- 9.25
4.601 0.6280 9.276
5.235 0.6191 9.267
[
0.0,
9
2
+]
(nu) 1629.700
5.836 2.2569 8.856
- 8.8
4.616 2.2698 8.868
5.268 2.2609 8.860
[
933.8,
7
2
+]
(u) 695.900
5.836 1.1738 9.529
- ∼9.5
4.616 1.1832 9.538
5.268 1.1767 9.532
[
1132.6,
11
2
+]
(nu) 497.100
5.836 0.3710 10.178
- ∼10.2
4.616 0.3838 10.191
5.268 0.3750 10.182
[
1290.6,
13
2
+]
(nu) 339.100
5.836 -0.1840 8.447
- ∼ 8.4
4.616 -0.1712 8.460
5.268 -0.1800 8.451
[
1418.3,
(
9
2
)+]
(nu) 211.400
5.836 -0.8471 8.261
- ∼ 8.2
4.616 -0.8343 8.274
5.268 -0.8431 8.265
[
1448.8,
9
2
+]
(nu) 180.900
5.836 -1.0626 9.222
- ∼ 9.2
4.616 -1.0498 9.235
5.268 -1.0586 9.226
[
1486.1,
9
2
+]
(nu) 143.600
5.836 -1.3775 10.363
- ∼ 10.3
4.616 -1.3647 10.376
5.268 -1.3735 10.367
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Daughter Decay Qn R1 (fm) Log f0 (Log f1)R1 Log f0t(Log f1t)R1
Decay Transition level Type (keV) R2 (fm) Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 (fm) Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
0.0,
5
2
+]
(a) 390.600
5.935 0.0591 5.047
- 5.037
4.680 0.0730 5.061
5.364 0.0634 5.052
[
37.2,
7
2
+]
(u) 359.700
5.935 -0.1877 9.603
- 9.58
4.680 -0.1783 9.613
5.364 -0.1848 9.606
[
0.0,
7
2
+]
(u) 1403.600
5.968 2.8398 9.890
- 9.876
4.688 2.8504 9.901
5.396 2.8431 9.894
[
1030.2,
9
2
+]
(nu) 373.400
5.968 -0.0045 10.552
- 10.54
4.688 0.0094 10.566
5.396 -0.0002 10.556[
1088.7,
(
9
2
)+]
(nu) 314.900
5.968 -0.2488 9.020
- 9.01
4.688 -0.2349 9.035
5.396 -0.2445 9.025[
1181.3,
(
9
2
)+]
(nu) 222.300
5.968 -0.7360 10.969
- 10.96
4.688 -0.7221 10.983
5.396 -0.7317 10.974[
1181.3,
(
7
2
)+]
(u) 222.300
5.968 -1.1233 10.582
- 10.96
4.688 -1.1146 10.591
5.396 -1.1206 10.585[
[1260.9,
(
9
2
)+]
(nu) 142.700
5.968 -1.3441 11.558
- 11.55
4.688 -1.3302 11.572
5.396 -1.3398 11.562[
1260.9,
(
7
2
)+]
(u) 142.700
5.968 -1.9211 10.981
- 11.55
4.688 -1.9131 10.989
5.396 -1.9186 10.983
[
1337.4,
9
2
+]
(nu) 66.200
5.968 -2.3670 9.690
- 9.67
4.688 -2.3530 9.704
5.396 -2.3627 9.694
[
1337.4,
7
2
+]
(u) 66.200
5.968 -3.1613 8.895
- 9.67
4.688 -3.1541 8.902
5.396 -3.1591 8.897
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Decay Transition Daughter Decay Qn R1 Log f0 (Log f1)R1 Log f0t(Log f1t)R1 Reference: Reference:
level Type (keV) R2 Log f0 (Log f1)R2 Log f0t(Log f1t)R2
R3 Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
160.3,
5
2
+]
(a) 1267.900
5.968 1.8714 5.253
- 5.241
4.688 1.8853 5.266
5.396 1.8757 5.257
[
541.8,
3
2
+]
(a) 886.400
5.968 1.2937 7.934
- 7.92
4.688 1.3077 7.948
5.396 1.2981 7.939
[
712.8,
1
2
+]
(a) 715.400
5.968 0.9597 8.110
- 8.10
4.688 0.9736 8.124
5.396 0.9640 8.114
[1248.5, 4+] (a) 1666.663
5.984 2.3498 6.540
- >6.2
4.718 2.3643 6.555
5.411 2.3543 6.545
[1746.9, 6+] (a) 1168.263
5.984 1.7554 4.326
- 4.3
4.718 1.7699 4.340
5.411 1.7598 4.330
[2349.5, 6+] (a) 565.663
5.984 0.6236 4.893
- ∼ 4.9
4.718 0.6381 4.908
5.411 0.6280 4.898
[
1400.6, 4+
]
(a) 658.100
6.141 0.9271 8.896
- 8.8849
4.832 0.9428 8.910
5.563 0.9372 8.905
[
1643.3, 3+
]
(a) 415.400
6.141 0.2471 9.663
- 9.65284.832 0.2628 9.678
5.563 0.2572 9.673
[
1969.9, 4+
]
(a) 88.800
6.141 -1.8919 6.486
- 6.494.832 -1.8761 6.502
5.563 -1.8817 6.496
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Decay Transition Daughter Decay Qn R1 Log f0 (Log f1)R1 Log f0t(Log f1t)R1 Reference: Reference:
level Type (keV) R2 Log f0 (Log f1)R2 Log f0t(Log f1t)R2
R3 Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
1866.6, 4+
]
(a) 681.600
6.171 0.9803 7.922
- 7.91
4.833 0.9960 7.938
5.592 0.9904 7.932
[
2030.5, 7−
]
(u) 517.700
6.171 0.6625 9.718
- ≥9.4
4.833 0.6737 9.729
5.592 0.6697 9.725
[
2053.9, 4+
]
(a) 494.300
6.171 0.4997 7.883
- 7.87
4.833 0.5155 7.899
5.592 0.5099 7.894
[
2140.2, 5−
]
(nu) 408.000
6.171 0.2202 7.255
- 7.25
4.833 0.2359 7.271
5.592 0.2303 7.265
[
2207.1, 6+
]
(a) 341.100
6.171 -0.0345 6.174
- 6.163
4.833 -0.0187 6.190
5.592 -0.0243 6.184
[
2356.6, 4+
]
(a) 191.600
6.171 -0.8395 7.894
- 7.88
4.833 -0.8237 7.910
5.592 -0.8293 7.904
[
2373.7, (5)+
]
(a) 174.500
6.171 -0.9695 6.777
- 6.768
4.833 -0.9537 6.792
5.592 -0.9593 6.787
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Decay Transition Daughter Decay Qn R1 Log f0 (Log f1)R1 Log f0t(Log f1t)R1
level Type (keV) R2 Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[0.0, 0+] (nu) 2471.000
6.347 3.2109 9.133
- 9.117
5.004 3.2305 9.153
5.762 3.2170 9.139
[550.3, 2+] (nu) 1920.700
6.347 2.7716 9.467
- 9.450
5.004 2.7911 9.484
5.762 2.7776 9.471
[1424.5, 0+] (nu) 1046.500
6.347 1.7677 10.061
- 10.048
5.004 1.7872 10.080
5.762 1.7737 10.067
[1454.2, 2+] (nu) 1016.800
6.347 1.7219 10.420
- 10.406
5.004 1.7414 10.439
5.762 1.7280 10.426
[1465.1, 1−] (a) 1005.900
6.347 1.7045 7.848
- 7.834
5.004 1.7240 7.867
5.762 1.7105 7.854
[1664.2, 2+] (nu) 806.800
6.347 1.3607 10.772
- 10.76
5.004 1.3802 10.791
5.762 1.3668 10.778
[1921.6, 0+] (nu) 549.400
6.347 0.7812 10.307
- 10.29
5.004 0.8007 10.327
5.762 0.7872 10.313
[2058, 2−] (a) 413.000
6.347 0.3652 7.898
- 7.558
5.004 0.3848 7.918
5.762 0.3713 7.904
[2284.4, (1, 2+)] (nu) 186.600
6.347 -0.7461 7.902
- 7.92
5.004 -0.7265 7.921
5.762 -0.7400 7.908
[2314.0, 2+] (nu) 157.000
6.347 -0.9817 8.725
- 8.71
5.004 -0.9621 8.745
5.762 -0.9756 8.731
18
Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Decay Transition Daughter Decay Qn R1 Log f0 (Log f1)R1 Log f0t(Log f1t)R1
level Type (keV) R2 Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
1594.3, 5−
]
(a) 1014.600
6.347 1.7189 10.307
- 10.29
5.004 1.7384 10.327
5.762 1.7249 10.314
[1905.9, 6+] (nu) 703.000
6.347 1.1505 8.362
- 8.348
5.004 1.1700 8.382
5.762 1.1565 8.368
[2095.6, 6+] (nu) 513.300
6.347 0.6821 7.963
- 7.949
5.004 0.7016 7.982
5.762 0.6881 7.969
[2194.1, 6+] (nu) 414.800
6.347 0.3723 7.192
- 7.178
5.004 0.3919 7.212
5.762 0.3784 7.198
[
0.0,
5
2
+]
(nu) 76.600
6.390 -1.9259 7.531
7.53 7.51
5.052 -1.8998 7.557
5.803 -1.9137 7.543
[
21.5,
7
2
+]
(nu) 55.100
6.390 -2.3613 9.133
9.13 9.11
5.052 -2.3352 9.159
5.803 -2.3491 9.145
[0.0, 0+] (nu) 1864.500
6.404 2.7528 7.433
- 7.42
5.077 2.7798 7.460
5.817 2.7654 7.455
[344.3, 2+] (u) 1520.200
6.404 3.2586 9.554
- 9.55
5.077 3.2795 9.574
5.817 3.2683 9.563
[1047.9, 0+] (nu) 816.600
6.404 1.4148 9.001
- 8.84
5.077 1.4418 9.028
5.817 1.4274 9.013
[1314.6, 1−] (nu) 549.900
6.404 0.8194 7.141
- 7.13
5.077 0.8464 7.168
5.817 0.8320 7.153
[1460.5, 1]
(nu)
404.000
6.404 0.3722 8.811
- 8.80
/ (a) 5.077 0.3992 8.838
5.817 0.3848 8.824
[1460.5, 2+] (u) 404.000
6.404 0.3103 8.749
- 8.80
5.077 0.3287 8.768
5.817 0.3189 8.758
[1756.0, 1−] (a) 108.500
6.404 -1.4420 6.384
- 6.39
5.077 -1.4150 6.411
5.817 -1.4294 6.397
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Decay Transition Daughter Decay Qn R1 Log f0 (Log f1)R1 Log f0t(Log f1t)R1
level Type (keV) R2 Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[344.3, 2+] (nu) 1474.600
6.404 2.3584 12.072
- 12.06
5.077 2.3854 12.099
5.817 2.3710 12.085
[755.4, 4+] (nu) 1063.500
6.404 1.8278 12.497
- 12.49
5.077 1.8548 12.524
5.817 1.8404 12.509
[930.5, 2+] (nu) 888.400
6.404 1.5456 12.722
- 12.71
5.077 1.5726 12.749
5.817 1.5588 12.735
[1109.2, 2+] (nu) 709.700
6.404 1.2009 12.409
- 12.40
5.077 1.2278 12.436
5.817 1.2134 12.421
[1123.2, 3−] (a) 695.700
6.404 1.1701 10.662
- 10.654
5.077 1.1970 10.689
5.817 1.1826 10.675
[1282.2, 4+] (nu) 536.700
6.404 0.7834 13.047
- 13.04
5.077 0.8104 13.074
5.817 0.7960 13.060
[1318.5, 2+] (nu) 500.400
6.404 0.6808 13.034
- 13.03
5.077 0.7077 13.061
5.817 0.6933 13.046
[1434, 3+] (nu) 384.900
6.404 0.3018 10.546
- 10.537
5.077 0.3288 10.573
5.817 0.3144 10.558
[1550.2, 4+] (nu) 268.700
6.404 -0.2039 11.767
- 11.76
5.077 -0.1769 11.794
5.817 -0.1913 11.780
[1605.6, 2+] (nu) 213.300
6.404 -0.5251 11.077
- 11.07
5.077 -0.4981 11.104
5.817 -0.5125 11.090
[1643.4, 2−] (a) 175.500
6.404 -0.7923 9.575
- 9.567
5.077 -0.7653 9.602
5.817 -0.7797 9.587
[1692.4, 2+, 3+] (nu) 126.500
6.404 -1.2313 11.100
- 11.09
5.077 -1.2043 11.127
5.817 -1.2187 11.112
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Decay Transition Daughter Decay Qn R1 Log f0 (Log f1)R1 Log f0t(Log f1t)R1
level Type (keV) R2 Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10][
0.0,
3
2
−]
(nu) 252.700
6.446 -0.2883 8.665
8.78 8.65
5.132 -0.2613 8.692
5.857 -0.2757 8.677
[
60.0,
5
2
−]
(nu) 192.700
6.446 -0.6633 8.588
8.57 8.54
5.132 -0.6363 8.585
5.857 -0.6507 8.571
[
86.5,
5
2
+]
(a) 166.200
6.446 -0.8657 7.912
7.91 7.9
5.132 -0.8387 7.939
5.857 -0.8531 7.925
[
105.3,
3
2
+]
(a) 147.400
6.446 -1.0296 7.474
7.47 7.46
5.132 -1.0026 7.501
5.857 -1.0170 7.487
[
118.0,
7
2
+]
(a) 134.700
6.446 -1.1471 8.750
8.73 8.73
5.132 -1.1201 8.777
5.857 -1.1345 8.763
[
146.1,
7
2
−]
(nu) 106.600
6.446 -1.4610 8.851
8.94 8.83
5.132 -1.4341 8.878
5.857 -1.4485 8.864
[
0.0,
1
2
−]
(nu) 96.400
6.661 -1.4581 6.333
6.32 6.3
5.291 -1.4344 6.356
6.064 -1.4507 6.340
[
66.7,
3
2
−]
(nu) 29.700
6.661 -3.0196 6.461
6.45 6.5
5.291 -2.9959 6.485
6.064 -3.0122 6.469
[
171.3,
11
2
−]
(a) 141.400
6.911 -0.7857 5.338
5.32 5.325
5.397 -0.7479 5.376
6.304 -0.7680 5.356
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Decay Transition Daughter Decay Qn R1 Log f0 (Log f1)R1 Log f0t(Log f1t)R1
level Type (keV) R2 Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10]
[
0.0,
1
2
−]
(nu) 1418.000
7.099 2.6681 5.126
- 5.108
5.494 2.7115 5.170
6.484 2.6780 5.136
[
569.6,
5
2
−]
(u) 848.800
7.099 2.2681 11.123
- >10.5
5.494 2.3013 11.156
6.484 2.2756 11.131
[
897.8,
3
2
−]
(nu) 520.200
7.099 1.1450 6.169
- 6.157
5.494 1.1884 6.212
6.484 1.1549 6.179
[
0.0, 1−
]
(nu) 63.500
7.133 -1.7061 7.935
7.84 7.9
5.530 -1.6615 7.980
6.517 -1.6959 7.945
[
46.5, 0−
]
(nu) 17.000
7.133 -3.4454 5.476
5.46 5.4
5.530 -3.4008 5.520
6.517 -3.4353 5.486
[6.3, 1−] (nu) 39.500
7.331 -2.1848 7.074
- ∼ 7.1
- - -
6.707 -2.1616 7.097
[6.7, 1+] (a) 39.100
7.331 -2.1848 6.472
(6.5) ∼ 6.5
- - -
6.707 -2.1616 6.495
[20.2, 1−] (nu) 25.600
7.331 -2.7515 6.206
- 6.20
- - -
6.707 -2.7284 6.229
[33.1, 1+] (a) 12.700
7.331 -3.6585 5.123
(5.0) 5.12
- - -
6.707 -3.6353 5.146
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Table 1: (Cotnd.)
Transition Details Present Calculation Previous values
Decay Transition Daughter Decay Qn R1 Log f0 (Log f1)R1 Log f0t(Log f1t)R1
level Type (keV) R2 Log f0 (Log f1)R2 Log f0t(Log f1t)R2 Reference: Reference:
R3 Log f0 (Log f1)R3 Log f0t(Log f1t)R3 [4] [10][
0.0,
(
1
2
+)]
(nu) 44.800
7.320 -1.9817 7.123
7.09 ∼ 7.1
5.740 -1.9311 7.173
6.696 -1.9579 7.146
[
9.3,
(
5
2
+)]
(nu) 35.500
7.320 -2.3015 6.991
6.97 ∼ 7.0
5.740 -2.2509 7.042
6.696 -0.2777 7.015
[
24.5,
(
3
2
+)]
(nu) 20.300
7.320 -3.0163 6.820
6.75 ∼ 6.8
5.740 -2.9658 6.871
6.696 -2.9925 6.844
[
37.9,
(
3
2
−)]
(a) 6.900
7.320 -4.3881 6.972
- 6.9
5.740 -4.3376 7.022
6.696 -4.3643 6.995
[
0.0,
5
2
−]
(nu) 20.780
7.468 -2.8419 5.813
5.79 5.788
5.893 -2.7846 5.870
6.837 -2.8288 5.826
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Table 2: Bound and Continuum Decay rates for Bare Atom.
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Values λC for R1 in Sec−1 Prev. Values Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
63Ni→63Cu 2.815 ×10−10 1.843 ×10−10 1.527 ×100[
0.0,
1
2
−]
→
[
0.0,
3
2
−]
2.801 ×10−10 3.0 ×10−10 1.833 ×10−10 1.9 ×10−10 1.528 ×100
2.826 ×10−10 1.835 ×10−10 1.540 ×100
66Ni→66Cu 8.486 ×10−7 3.361 ×10−6 2.525 ×10−1[
0.0, 0+
] → [0.0, 1+] - 1.0 ×10−6 - 3.4 ×10−6 -
8.598 ×10−7 3.377 ×10−6 2.546 ×10−1
85Kr→85Rb 1.844 ×10−10 1.959 ×10−9 9.413 ×10−2[
0.0,
9
2
+]
→
[
0.0,
5
2
−]
1.851 ×10−10 - 1.957 ×10−9 - 9.458 ×10−2
1.848 ×10−10 1.957 ×10−9 9.443 ×10−2
85Kr→85Rb 6.021 ×10−12 8.002 ×10−12 7.524 ×10−1[
0.0,
9
2
+]
→
[
514.0,
9
2
+]
6.034 ×10−12 - 8.000 ×10−12 - 7.543 ×10−1
6.022 ×10−12 7.995 ×10−12 7.532 ×10−1
85Kr→85Rb 2.334 ×10−6 3.300 ×10−5 7.073 ×10−2[
304.86,
1
2
−]
→
[
151.2,
3
2
−]
2.334 ×10−6 - 3.298 ×10−5 - 7.077 ×10−2
2.335 ×10−6 3.300 ×10−5 7.076 ×10−2
85Kr→85Rb 1.223 ×10−8 1.303 ×10−7 9.386 ×10−2[
304.86,
1
2
−]
→
[
281.0,
1
2
−]
1.222 ×10−8 - 1.302 ×10−7 - 9.378 ×10−2
1.224 ×10−8 1.303 ×10−7 9.394 ×10−2
85Kr→85Rb 3.252 ×10−9 7.658 ×10−9 4.247 ×10−1[
304.86,
1
2
−]
→
[
731.9,
3
2
−]
3.251 ×10−9 - 7.653 ×10−9 - 4.248 ×10−1
3.254 ×10−9 7.654 ×10−9 4.251 ×10−1
93Zr→93Nb 6.132 ×10−15 6.874 ×10−15 8.921 ×10−1[
0.0,
5
2
+]
→
[
30.8,
1
2
−]
6.208 ×10−15 1.3 ×10−14 7.195 ×10−15 1.1 ×10−14 8.628 ×10−1
6.177 ×10−15 6.858 ×10−15 9.007 ×10−1
95Nb→95Mo 2.296 ×10−7 2.032 ×10−7 1.130 ×100[
0.0,
9
2
+]
→
[
765.8,
7
2
+]
2.296 ×10−7 2.4 ×10−7 2.039 ×10−7 2.1 ×10−7 1.126 ×100
2.312 ×10−7 2.018 ×10−7 1.146 ×100
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Table 2: (Cotnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
95Nb→95Mo 4.203 ×10−9 6.894 ×10−8 6.097 ×10−2[
234.7,
1
2
−]
→
[
0.0,
5
2
+]
4.222 ×10−9 - 6.887 ×10−8 - 6.130 ×10−2
4.230 ×10−9 6.883 ×10−8 6.146 ×10−2
95Nb→95Mo 3.922 ×10−9 5.207 ×10−8 7.532 ×10−2[
234.7,
1
2
−]
→
[
204.1,
3
2
+]
3.921 ×10−9 - 5.208 ×10−8 - 7.529 ×10−2
3.945×10−9 5.208 ×10−8 7.575 ×10−2
95Nb→95Mo 5.024 ×10−10 1.495 ×10−9 3.361 ×10−1[
234.7,
1
2
−]
→
[
786.2,
1
2
+]
5.011 ×10−10 - 1.491 ×10−9 - 3.360 ×10−1
5.045 ×10−10 1.491 ×10−9 3.384 ×10−1
95Nb→95Mo 2.991 ×10−12 7.746 ×10−12 3.861 ×10−1[
234.7,
1
2
−]
→
[
820.6,
3
2
+]
2.998 ×10−12 - 7.740 ×10−12 - 3.873 ×10−1
3.010 ×10−12 7.745 ×10−12 3.886 ×10−1
95Nb→95Mo 4.193 ×10−13 2.482 ×10−13 1.689 ×100[
234.7,
1
2
−]
→
[
1039.3,
1
2
+]
4.193 ×10−13 - 2.426 ×10−13 - 1.728 ×100
4.220 ×10−13 2.465 ×10−13 1.712 ×100
99Tc→99Ru 8.977 ×10−11 2.980 ×10−10 3.012 ×10−1[
142.7,
1
2
−]
→
[
0.0,
5
2
+]
9.060 ×10−11 - 2.977 ×10−10 - 3.043 ×10−1
9.021 ×10−11 2.975 ×10−10 3.032 ×10−1
99Tc→99Ru 3.204 ×10−10 7.815 ×10−10 4.100 ×10−1[
142.7,
1
2
−]
→
[
89.6,
3
2
+]
3.211 ×10−10 - 7.817 ×10−10 - 4.108 ×10−1
3.219 ×10−10 7.819 ×10−10 4.117 ×10−1
99Tc→99Ru 5.965 ×10−11 2.998 ×10−11 1.990 ×100[
142.7,
1
2
−]
→
[
322.4,
3
2
+]
5.995 ×10−11 - 2.930 ×10−11 - 2.046 ×100
5.995 ×10−11 2.977 ×10−11 2.014 ×100
106Ru→106Rh 2.001 ×10−7 1.239 ×10−8 1.615 ×101[
0.0, 0+
] → [0.0, 1+] - 2.1 ×10−7 - 1.2 ×10−8 -
1.998 ×10−7 1.222 ×10−8 1.635 ×101
107Pd→107Ag 4.822 ×10−15 1.235 ×10−15 3.904 ×100[
0.0,
5
2
+]
→
[
0.0,
1
2
−]
4.896 ×10−15 8.2 ×10−15 1.218 ×10−15 1.8 ×10−15 4.020 ×100
4.849 ×10−15 1.224 ×10−15 3.962 ×100
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Table 2: (Cotnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
110Ag→110Cd 2.564 ×10−9 9.589 ×10−9 2.674 ×10−1[
117.59, 6+
] → [2479.9, 6+] 2.576 ×10−9 - 9.597 ×10−9 - 2.684 ×10−1
2.554 ×10−9 9.587 ×10−9 2.664 ×10−1
110Ag→110Cd 6.001 ×10−12 1.861 ×10−11 3.225 ×10−1[
117.59, 6+
] → [2539.7, 5−] 5.999 ×10−12 - 1.853 ×10−11 - 3.237 ×10−1
5.950 ×10−12 1.852 ×10−11 3.213 ×10−1
110Ag→110Cd 5.391 ×10−12 1.075 ×10−11 5.015 ×10−1[
117.59, 6+
] → [2659.9, 5−] 5.401 ×10−12 - 1.074 ×10−11 - 5.029 ×10−1
5.369 ×10−12 1.075 ×10−11 4.994 ×10−1
110Ag→110Cd 9.517 ×10−12 6.381 ×10−12 1.491 ×100[
117.59, 6+
] → [2842.6, (5)−] 9.557 ×10−12 - 6.429 ×10−12 - 1.487×100
9.478 ×10−12 6.377 ×10−12 1.486×100
110Ag→110Cd 2.238 ×10−10 1.079 ×10−10 2.074×100[
117.59, 6+
] → [2876.8, 6+] 2.249 ×10−10 - 1.050 ×10−10 - 2.142 ×100
2.229 ×10−10 1.059 ×10−10 2.105 ×100
110Ag→110Cd 7.537 ×10−8 1.643 ×10−8 4.587 ×100[
117.59, 6+
] → [2926.7, 5+] 7.550 ×10−8 7.8 ×10−8 1.640 ×10−8 1.7 ×10−8 4.604 ×100
7.507 ×10−8 1.642 ×10−8 4.572 ×100
113Cd→113In 3.572 ×10−10 1.490 ×10−9 2.397 ×10−1[
263.7,
11
2
−]
→
[
0.0,
9
2
+]
3.583 ×10−10 - 1.489 ×10−9 - 2.406 ×10−1
3.600 ×10−10 1.490 ×10−9 2.416 ×10−1
115Cd→115In 6.724 ×10−9 1.712 ×10−7 3.928 ×10−2[
181.0,
11
2
−]
→
[
0.0,
9
2
+]
6.781 ×10−9 - 1.716 ×10−7 - 3.952 ×10−2
6.775 ×10−9 1.712 ×10−7 3.957 ×10−2
115Cd→115In 5.315 ×10−10 2.890 ×10−9 1.839 ×10−1[
181.0,
11
2
−]
→
[
933.8,
7
2
+]
5.398 ×10−10 - 2.893 ×10−9 - 1.866 ×10−1
5.368 ×10−10 2.890 ×10−9 1.857 ×10−1
115Cd→115In 3.161 ×10−11 1.025 ×10−10 3.084 ×10−1[
181.0,
11
2
−]
→
[
1132.6,
11
2
+]
3.180 ×10−11 - 1.025 ×10−10 - 3.102 ×10−1
3.184 ×10−11 1.025 ×10−10 3.106 ×10−1
115Cd→115In 8.225 ×10−10 1.495 ×10−9 5.502 ×10−1[
181.0,
11
2
−]
→
[
1290.6,
13
2
+]
8.278 ×10−10 - 1.496 ×10−9 - 5.533 ×10−1
8.289 ×10−10 1.496 ×10−9 5.541 ×10−1
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Table 2: (Cotnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
115Cd→115In 5.269 ×10−10 4.749 ×10−10 1.109 ×100[
181.0,
11
2
−]
→
[
1418.3,
(
9
2
)+]
5.303 ×10−10 - 4.757 ×10−10 - 1.115 ×100
5.311 ×10−10 4.781 ×10−10 1.111 ×100
115Cd→115In 4.356 ×10−11 3.159 ×10−11 1.379 ×100[
181.0,
11
2
−]
→
[
1448.8,
9
2
+]
4.383 ×10−11 - 3.147 ×10−11 - 1.393 ×100
4.389 ×10−11 3.130 ×10−11 1.402 ×100
115Cd→115In 2.097 ×10−12 1.051 ×10−12 1.995 ×100[
181.0,
11
2
−]
→
[
1486.1,
9
2
+]
2.110 ×10−12 - 1.050 ×10−12 - 2.010 ×100
2.113 ×10−12 1.072 ×10−12 1.971 ×100
121Sn→121Sb 3.243 ×10−6 6.661 ×10−6 4.869 ×10−1[
0.0,
3
2
+]
→
[
0.0,
5
2
+]
3.261 ×10−6 - 6.660 ×10−6 - 4.935 ×10−1
3.258 ×10−6 6.646 ×10−6 4.902 ×10−1
121Sn→121Sb 7.724 ×10−11 1.404 ×10−10 5.501 ×10−1[
6.30,
11
2
−]
→
[
37.2,
7
2
+]
7.836 ×10−11 - 1.417 ×10−10 - 5.530 ×10−1
7.792 ×10−11 1.408 ×10−10 5.534 ×10−1
123Sn→123Sb 4.314 ×10−9 5.975 ×10−8 7.220 ×10−2[
0.0,
11
2
−]
→
[
0.0,
7
2
+]
4.367 ×10−9 - 5.970 ×10−8 - 7.315 ×10−2
4.342 ×10−9 5.965 ×10−8 7.279 ×10−2
123Sn→123Sb 9.320 ×10−12 1.793 ×10−11 5.198 ×10−1[
0.0,
11
2
−]
→
[
1030.2,
9
2
+]
9.368 ×10−12 - 1.792 ×10−11 - 5.228 ×10−1
9.377 ×10−12 1.793 ×10−11 5.230 ×10−1
123Sn→123Sb 2.307 ×10−10 3.435 ×10−10 6.716 ×10−1[
0.0,
11
2
−]
→
[
1088.7,
(
9
2
)+]
2.313 ×10−10 - 3.427 ×10−10 - 6.749 ×10−1
2.316 ×10−10 3.428 ×10−10 6.756 ×10−1
123Sn→123Sb 1.369 ×10−12 1.213 ×10−12 1.129 ×100[
0.0,
11
2
−]
→
[
1181.3,
(
9
2
)+]
1.406 ×10−12 - 1.243 ×10−12 - 1.131 ×100
1.347 ×10−12 1.189 ×10−12 1.133 ×100
123Sn→123Sb 1.617 ×10−13 7.286 ×10−14 2.219 ×100[
0.0,
11
2
−]
→
[
1260.9,
(
9
2
)+]
1.625 ×10−13 - 7.241 ×10−14 - 2.244 ×100
1.628 ×10−13 7.220 ×10−14 2.255 ×100
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Table 2: (Cotnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
123Sn→123Sb 3.512×10−12 3.962 ×10−13 8.864 ×100[
0.0,
11
2
−]
→
[
1337.4,
9
2
+]
3.528 ×10−12 - 3.973 ×10−13 - 8.880 ×100
3.534 ×10−12 3.982 ×10−13 8.875 ×100
123Sn→123Sb 1.963 ×10−5 2.815 ×10−4 6.973 ×10−2[
24.6,
3
2
+]
→
[
160.3,
5
2
+]
2.019 ×10−5 - 2.880 ×10−4 - 7.010 ×10−2
1.975 ×10−5 2.817 ×10−4 7.011 ×10−2
123Sn→123Sb 2.032 ×10−8 1.535 ×10−7 1.324 ×10−1[
24.6,
3
2
+]
→
[
541.8,
3
2
+]
2.041 ×10−8 - 1.534 ×10−7 - 1.331 ×10−1
2.039 ×10−8 1.532 ×10−7 1.331 ×10−1
123Sn→123Sb 8.932 ×10−9 4.719 ×10−8 1.893 ×10−1[
24.6,
3
2
+]
→
[
712.8,
1
2
+]
8.980 ×10−9 - 4.718 ×10−8 - 1.903 ×10−1
8.990 ×10−9 4.722 ×10−8 1.904 ×10−1
124Sb→124Te 1.893 ×10−6 4.403 ×10−5 4.299 ×10−2[
10.8627, 5+
] → [1248.5, 4+] 1.900 ×10−6 - 4.398 ×10−5 - 4.320 ×10−2
1.899 ×10−6 4.398 ×10−5 4.318 ×10−2
124Sb→124Te 1.542 ×10−4 1.823 ×10−3 8.459 ×10−2[
10.8627, 5+
] → [1746.9, 6+] 1.551 ×10−4 - 1.825 ×10−3 - 8.499 ×10−2
1.551 ×10−4 1.825 ×10−3 8.499 ×10−2
124Sb→124Te 1.023 ×10−5 3.551 ×10−5 2.881 ×10−1[
10.8627, 5+
] → [2349.5, 6+] 1.027 ×10−5 - 3.547 ×10−5 - 2.895 ×10−1
1.026 ×10−5 3.547 ×10−5 2.893 ×10−1
134Cs→134Ba 1.921 ×10−9 7.177 ×10−9 2.677 ×10−1[
0.0, 4+
] → [1400.6, 4+] 1.944 ×10−9 - 7.206 ×10−9 - 2.698 ×10−1
1.915 ×10−9 7.196 ×10−9 2.661 ×10−1
134Cs→134Ba 1.375 ×10−10 2.496 ×10−10 5.509 ×10−1[
0.0, 4+
] → [1643.3, 3+] 1.389 ×10−10 - 2.500 ×10−10 - 5.556 ×10−1
1.368 ×10−10 2.497 ×10−10 5.479 ×10−1
134Cs→134Ba 1.469 ×10−8 2.141 ×10−9 6.861 ×100[
0.0, 4+
] → [1969.9, 4+] 1.480 ×10−8 - 2.140 ×10−9 - 6.916 ×100
1.461 ×10−8 2.143 ×10−10 6.818 ×100
136Cs→136Ba 1.935 ×10−8 7.654 ×10−8 2.528 ×10−1[
0.0, 5+
] → [1866.6, 4+] 1.950 ×10−8 - 7.650 ×10−8 - 2.549 ×10−1
1.925 ×10−8 7.656 ×10−8 2.514 ×10−1
136Cs→136Ba 2.103 ×10−10 5.626 ×10−10 3.738 ×10−1[
0.0, 5+
] → [2030.5, 7−] 2.145 ×10−10 - 5.628 ×10−10 - 3.811 ×10−1
2.106 ×10−10 5.627 ×10−10 3.743 ×10−1
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Table 2: (Cotnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
136Cs→136Ba 1.148 ×10−8 2.733 ×10−8 4.201 ×10−1[
0.0, 5+
] → [2053.9, 4+] 1.157 ×10−8 - 2.731 ×10−8 - 4.237 ×10−1
1.140 ×10−8 2.727 ×10−8 4.180 ×10−1
136Cs→136Ba 3.400 ×10−8 6.021 ×10−8 5.647 ×10−1[
0.0, 5+
] → [2140.2, 5−] 3.426 ×10−8 - 6.019 ×10−8 - 5.692 ×10−1
3.383 ×10−8 6.024 ×10−8 5.616 ×10−1
136Cs→136Ba 2.939 ×10−7 3.960 ×10−7 7.422 ×10−1[
0.0, 5+
] → [2207.1, 6+] 2.963 ×10−7 - 3.960 ×10−7 - 7.482 ×10−1
2.926 ×10−7 3.965 ×10−7 7.380 ×10−1
136Cs→136Ba 1.995 ×10−9 1.106 ×10−9 1.804 ×100[
0.0, 5+
] → [2356.6, 4+] 2.010 ×10−9 - 1.100 ×10−9 - 1.827 ×100
1.985 ×10−9 1.106 ×10−9 1.795 ×100
136Cs→136Ba 2.145 ×10−8 1.065 ×10−8 2.014 ×100[
0.0, 5+
] → [2373.7, (5)+] 2.166 ×10−8 - 1.063 ×10−8 - 2.038 ×100
2.134 ×10−8 1.064 ×10−8 2.006 ×100
148Pm→148Sm 2.411 ×10−8 8.406 ×10−7 2.868 ×10−2[
0.0, 1−
] → [0.0, 0+] 2.431 ×10−8 - 8.396 ×10−7 - 2.895 ×10−2
2.431 ×10−8 8.407 ×10−7 2.892 ×10−2
148Pm→148Sm 6.808 ×10−9 1.410 ×10−7 4.828 ×10−2[
0.0, 1−
] → [550.3, 2+] 6.913 ×10−9 - 1.418 ×10−7 - 4.875 ×10−2
6.895 ×10−9 1.416 ×10−7 4.869 ×10−2
148Pm→148Sm 5.308 ×10−10 3.499 ×10−9 1.517 ×10−1[
0.0, 1−
] → [1424.5, 0+] 5.366 ×10−10 - 3.503 ×10−9 - 1.532 ×10−1
5.353 ×10−10 3.499 ×10−9 1.530 ×10−1
148Pm→148Sm 2.197 ×10−10 1.376 ×10−9 1.597 ×10−1[
0.0, 1−
] → [1454.2, 2+] 2.222 ×10−10 - 1.378 ×10−9 - 1.612 ×10−1
2.215 ×10−10 1.377 ×10−9 1.609 ×10−1
148Pm→148Sm 8.031 ×10−8 4.942 ×10−7 1.625 ×10−1[
0.0, 1−
] → [1465.1, 1−] 8.119 ×10−8 - 4.948 ×10−7 - 1.641 ×10−1
8.098 ×10−8 4.943 ×10−7 1.638 ×10−1
148Pm→148Sm 6.262 ×10−11 2.639 ×10−10 2.373 ×10−1[
0.0, 1−
] → [1664.2, 2+] 6.330 ×10−11 - 2.642 ×10−10 - 2.396 ×10−1
6.313 ×10−11 2.640 ×10−10 2.391 ×10−1
148Pm→148Sm 8.821 ×10−11 1.986 ×10−10 4.442 ×10−1[
0.0, 1−
] → [1921.6, 0+] 8.897 ×10−11 - 1.984 ×10−10 - 4.484 ×10−1
8.892 ×10−11 1.986 ×10−10 4.477 ×10−1
148Pm→148Sm 1.332 ×10−8 1.922 ×10−8 6.930 ×10−1[
0.0, 1−
] → [2058, 2−] 1.344 ×10−8 - 1.919 ×10−8 - 7.004 ×10−1
1.342 ×10−8 1.922 ×10−8 6.982 ×10−1
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Table 2: (Cotnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
148Pm→148Sm 3.268 ×10−9 1.337 ×10−9 2.444 ×100[
0.0, 1−
] → [2284.4, (1, 2+)] 3.303 ×10−9 - 1.338 ×10−9 - 2.469 ×100
3.294 ×10−9 1.336 ×10−9 2.466 ×100
148Pm→148Sm 3.694 ×10−10 1.123 ×10−10 3.289 ×100[
0.0, 1−
] → [2314, 2+] 3.726 ×10−10 - 1.122 ×10−10 - 3.321 ×100
3.725 ×10−10 1.120 ×10−10 3.326 ×100
148Pm→148Sm 2.838 ×10−10 1.773 ×10−9 1.601 ×10−1[
137.9, 5−, 6−
] → [1594.3, 5−] 2.862 ×10−10 - 1.771 ×10−9 - 1.616 ×10−1
2.854 ×10−10 1.769 ×10−9 1.613 ×10−1
148Pm→148Sm 1.238 ×10−8 4.153 ×10−8 2.981 ×10−1[
137.9, 5−, 6−
] → [1905.9, 6+] 1.248 ×10−8 - 4.148 ×10−8 - 3.009 ×10−1
1.248 ×10−8 4.154 ×10−8 3.001 ×10−1
148Pm→148Sm 1.715 ×10−8 3.475 ×10−8 4.935 ×10−1[
137.9, 5−, 6−
] → [2095.6, 6+] 1.733 ×10−8 - 3.479 ×10−8 - 4.981 ×10−1
1.729 ×10−8 3.475 ×10−8 4.976 ×10−1
148Pm→148Sm 6.822 ×10−8 9.887 ×10−8 6.900 ×10−1[
137.9, 5−, 6−
] → [2194.1, 6+] 6.881 ×10−8 - 9.876 ×10−8 - 6.967 ×10−1
6.877 ×10−8 9.892 ×10−8 6.952 ×10−1
151Sm→151Eu 2.215 ×10−9 1.543 ×10−10 1.436 ×101[
0.0,
5
2
−]
→
[
0.0,
5
2
+]
2.207 ×10−9 2.3 ×10−9 1.541 ×10−10 1.5 ×10−10 1.432 ×101
2.204 ×10−9 1.542 ×10−10 1.429 ×101
151Sm→151Eu 3.693 ×10−11 1.148 ×10−12 3.217 ×101[
0.0,
5
2
−]
→
[
21.5,
7
2
+]
3.680 ×10−11 3.8 ×10−11 1.149 ×10−12 1.1 ×10−12 3.203 ×101
3.676 ×10−11 1.151 ×10−12 3.194 ×101
152Eu→152Gd 1.186 ×10−11 1.349 ×10−10 8.792 ×10−2[
0.0, 3−
] → [344.3, 2+] 1.179 ×10−11 - 1.349 ×10−10 - 8.740 ×10−2
1.179 ×10−11 1.348 ×10−10 8.746 ×10−2
152Eu→152Gd 2.365 ×10−12 1.482 ×10−11 1.596 ×10−1[
0.0, 3−
] → [755.4, 4+] 2.352 ×10−12 - 1.482 ×10−11 - 1.587 ×10−1
2.356 ×10−12 1.484 ×10−11 1.588 ×10−1
152Eu→152Gd 9.973 ×10−13 4.568 ×10−12 2.183 ×10−1[
0.0, 3−
] → [930.5, 2+] 9.913 ×10−13 - 4.568 ×10−12 - 2.170 ×10−1
9.908 ×10−13 4.564 ×10−12 2.171 ×10−1
152Eu→152Gd 1.336 ×10−12 4.201 ×10−12 3.180 ×10−1[
0.0, 3−
] → [1109.2, 2+] 1.329 ×10−12 - 4.200 ×10−12 - 3.164 ×10−1
1.330 ×10−12 4.206 ×10−12 3.162 ×10−1
152Eu→152Gd 7.188 ×10−11 2.189 ×10−10 3.284 ×10−1[
0.0, 3−
] → [1123.2, 3−] 7.145 ×10−11 - 2.188 ×10−10 - 3.266 ×10−1
7.141 ×10−11 2.186 ×10−10 3.267 ×10−1
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Table 2: (Contnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
152Eu→152Gd 1.819 ×10−13 3.647 ×10−13 4.988 ×10−1[
0.0, 3−
] → [1282.2, 4+] 1.808 ×10−13 - 3.647 ×10−13 - 4.957 ×10−1
1.805 ×10−13 3.644 ×10−13 4.953 ×10−1
152Eu→152Gd 1.646 ×10−13 2.953 ×10−13 5.574 ×10−1[
0.0, 3−
] → [1318.5, 2+] 1.635 ×10−13 - 2.953 ×10−13 - 5.537 ×10−1
1.639 ×10−13 2.957 ×10−13 5.543 ×10−1
152Eu→152Gd 3.129 ×10−11 3.716 ×10−11 8.420 ×10−1[
0.0, 3−
] → [1434, 3+] 3.111 ×10−11 - 3.716 ×10−11 - 8.372 ×10−1
3.116 ×10−11 3.721 ×10−11 8.374 ×10−1
152Eu→152Gd 9.928 ×10−13 6.661 ×10−13 1.490 ×100[
0.0, 3−
] → [1550.2, 4+] 9.868 ×10−13 - 6.662 ×10−13 - 1.481 ×100
9.863 ×10−13 6.656 ×10−13 1.482 ×100
152Eu→152Gd 3.275 ×10−12 1.514 ×10−12 2.163 ×100[
0.0, 3−
] → [1605.6, 2+] 3.254 ×10−12 - 1.514 ×10−12 - 2.149 ×100
3.253 ×10−12 1.512 ×10−12 2.151 ×100
152Eu→152Gd 7.534 ×10−11 2.506 ×10−11 3.006 ×100[
0.0, 3−
] → [1643.4, 2−] 7.489 ×10−11 - 2.507 ×10−11 - 2.987 ×100
7.504 ×10−11 2.509 ×10−11 2.991 ×100
152Eu→152Gd 1.346 ×10−12 2.483 ×10−13 5.421 ×100[
0.0, 3−
] → [1692.4, 2+, 3+] 1.338 ×10−12 - 2.478 ×10−13 - 5.400 ×100
1.341 ×10−12 2.485 ×10−13 5.396 ×100
152Eu→152Gd 8.171 ×10−7 1.466 ×10−5 5.574 ×10−2[
45.5998, 0−
] → [0.0, 0+] 8.123 ×10−7 - 1.466 ×10−5 - 5.541 ×10−2
7.950 ×10−7 1.434 ×10−5 5.544 ×10−2
152Eu→152Gd 3.865 ×10−8 3.433 ×10−7 1.126 ×10−1[
45.5998, 0−
] → [344.3, 2+] 3.905 ×10−8 - 3.441 ×10−7 - 1.135 ×10−1
3.876 ×10−8 3.439 ×10−7 1.127 ×10−1
152Eu→152Gd 4.465 ×10−9 1.771 ×10−8 2.521 ×10−1[
45.5998, 0−
] → [1047.9, 0+] 4.439 ×10−9 - 1.771 ×10−8 - 2.506 ×10−1
4.447 ×10−9 1.774 ×10−8 2.507 ×10−1
152Eu→152Gd 1.533 ×10−7 3.186 ×10−7 4.812 ×10−1[
45.5998, 0−
] → [1314.6, 1−] 1.524 ×10−7 - 3.186 ×10−7 - 4.783 ×10−1
1.527 ×10−7 3.190 ×10−7 4.787 ×10−1
152Eu→152Gd 1.847 ×10−9 2.374 ×10−9 7.780 ×10−1[
45.5998, 0−
] → [1460.5, 1] 1.846 ×10−9 - 2.375 ×10−9 - 7.773 ×10−1
1.844 ×10−9 2.373 ×10−9 7.771 ×10−1
152Eu→152Gd 5.574 ×10−8 7.729 ×10−9 7.212 ×100[
45.5998, 0−
] → [1756.0, 1−] 5.541 ×10−8 - 7.532 ×10−9 - 7.357 ×100
5.539 ×10−8 7.501 ×10−9 7.384 ×100
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Table 2: (Contnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
155Eu→155Gd 1.127 ×10−9 6.879 ×10−10 1.638 ×100[
0.0,
5
2
+]
→
[
0.0,
3
2
−]
1.120 ×10−9 9.0 ×10−10 6.873 ×10−10 5.8 ×10−10 1.630 ×100
1.133 ×10−9 6.881 ×10−10 1.647 ×100
155Eu→155Gd 9.043 ×10−10 3.547 ×10−10 2.549 ×100[
0.0,
5
2
+]
→
[
60,
5
2
−]
9.059 ×10−10 9.2 ×10−10 3.550 ×10−10 3.5 ×10−10 2.552 ×100
9.145 ×10−10 3.536 ×10−10 2.586 ×100
155Eu→155Gd 3.169 ×10−9 9.675 ×10−10 3.275 ×100[
0.0,
5
2
+]
→
[
86.5,
5
2
+]
3.150 ×10−9 3.3 ×10−9 9.650 ×10−10 9.7 ×10−10 3.264 ×100
3.180 ×10−9 9.636 ×10−10 3.300 ×100
155Eu→155Gd 7.184 ×10−9 1.768 ×10−9 4.063 ×100[
0.0,
5
2
+]
→
[
105.3,
3
2
+]
7.138 ×10−9 7.6 ×10−9 1.771 ×10−9 1.8 ×10−9 4.030 ×100
7.207 ×10−9 1.761 ×10−9 4.093 ×100
155Eu→155Gd 3.308 ×10−10 6.901 ×10−11 4.794 ×100[
0.0,
5
2
+]
→
[
118,
7
2
+]
3.286 ×10−10 *3.6 ×10−9 6.833 ×10−11 7.2 ×10−11 4.809 ×100
3.318 ×10−10 6.817 ×10−11 4.867 ×100
155Eu→155Gd 1.851 ×10−10 2.442 ×10−11 7.580 ×100[
0.0,
5
2
+]
→
[
146.1,
7
2
−]
1.839 ×10−10 1.6 ×10−10 2.478 ×10−11 2.0 ×10−11 7.421 ×100
1.857 ×10−10 2.464 ×10−11 7.537 ×100
171Tm→171Y b 9.618 ×10−8 7.404 ×10−9 1.299 ×101[
0.0,
1
2
+]
→
[
0.0,
1
2
−]
9.766×10−8 1.0 ×10−7 7.327 ×10−9 7.6 ×10−9 1.333 ×101
9.727×10−8 7.286 ×10−9 1.335 ×101
171Tm→171Y b 2.182 ×10−8 4.076 ×10−11 5.353 ×102[
0.0,
1
2
+]
→
[
66.7,
3
2
−]
2.211×10−8 2.3 ×10−8 4.083 ×10−11 4.0 ×10−11 5.415 ×102
2.202 ×10−8 4.001 ×10−11 5.503 ×102
191Os→191Ir 3.161 ×10−6 3.882 ×10−7 8.143 ×100[
0.0,
9
2
−]
→
[
171.3,
11
2
−]
3.167 ×10−6 3.4 ×10−6 3.878 ×10−7 4.0 ×10−7 8.167 ×100
3.136 ×10−6 3.877 ×10−7 8.089 ×100
* The mismatch between λB value may arise from the typographical error in the tabulation of λB in Ref. [4].
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Table 2: (Cotnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
207T l→207Pb 4.098 ×10−4 2.530 ×10−3 1.620 ×10−1[
0.0,
1
2
+]
→
[
0.0,
1
2
−]
4.122 ×10−4 * 2.526 ×10−3 * 1.632 ×10−1
4.159 ×10−4 2.529 ×10−3 1.645 ×10−1
207T l→207Pb 5.089 ×10−10 9.159 ×10−10 5.556 ×10−1[
0.0,
1
2
+]
→
[
569.6,
5
2
−]
5.249 ×10−10 - 9.174 ×10−10 - 5.722 ×10−1
5.189 ×10−10 9.152 ×10−10 5.670 ×10−1
207T l→207Pb 5.828 ×10−6 6.403 ×10−6 9.102 ×10−1[
0.0,
1
2
+]
→
[
897.8,
3
2
−]
5.876 ×10−6 - 6.409 ×10−6 - 9.168 ×10−1
5.917 ×10−6 6.401 ×10−6 9.244 ×10−1
210Pb→210Bi 5.886 ×10−9 1.739 ×10−10 3.385 ×101[
0.0, 0+
] → [0.0, 1−] 5.917 ×10−9 7.5 ×10−9 1.734 ×10−10 7.7 ×10−11 3.412 ×101
5.979 ×10−9 1.738 ×10−10 3.440 ×101
210Pb→210Bi 7.768 ×10−7[
0.0, 0+
] → [46.5, 0−] 7.826 ×10−7 8.3 ×10−7 0 0 ∞
7.888 ×10−7
228Ra→228Ac 5.899 ×10−8 5.026 ×10−11 1.174 ×103[
0.0, 0+
] → [6.3, 1−] - - - - -
5.848 ×10−8 5.044 ×10−11 1.159 ×103
228Ra→228Ac 2.346 ×10−7 1.870 ×10−10 1.255 ×103[
0.0, 0+
] → [6.7, 1+] - 2.3 ×10−7 - 1.8 ×10−10 -
2.325 ×10−7 1.862 ×10−10 1.249 ×103
228Ra→228Ac 3.503 ×10−7 8.970 ×10−12 3.936 ×104[
0.0, 0+
] → [20.2, 1−] - - - - -
3.474 ×10−7 8.957 ×10−12 3.879 ×104
228Ra→228Ac 3.400 ×10−6[
0.0, 0+
] → [33.1, 1+] - 4.9 ×10−6 0 0 ∞
3.370 ×10−6
* Experimentally available values are given in III B.
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Table 2: (Cotnd.)
Transition Details
Bound State Decay Continuum State Decay Bound to
λB for R1 in Sec
−1 Prev. Value λC for R1 in Sec−1 Prev. Value Continuum
λB for R2 in Sec
−1 Reference: λC for R2 in Sec−1 Reference: Ratio
λB for R3 in Sec
−1 [4] λC for R3 in Sec−1 [4]
227Ac→227Th 7.311 ×10−8 1.039 ×10−10 7.037 ×102[
0.0,
3
2
−]
→
[
0.0,
(
1
2
+)]
7.375×10−8 7.2 ×10−8 1.038 ×10−10 9.8 ×10−11 7.105 ×102
7.250 ×10−8 1.040 ×10−10 6.971 ×102
227Ac→227Th 7.626 ×10−8 3.184 ×10−11 2.395 ×103[
0.0,
3
2
−]
→
[
9.3,
(
5
2
+)]
7.686 ×10−8 8.3 ×10−8 3.209 ×10−11 2.9 ×10−11 2.395 ×103
7.555 ×10−8 3.213 ×10−11 2.419 ×103
227Ac→227Th 8.899 ×10−8 1.742 ×10−15 5.108 ×107[
0.0,
3
2
−]
→
[
24.5,
(
3
2
+)]
8.968 ×10−8 1.1 ×10−7 1.740 ×10−15 0 5.154 ×107
8.815 ×10−8 1.741×10−15 5.063 ×107
227Ac→227Th 4.968 ×10−8[
0.0,
3
2
−]
→
[
37.9,
(
3
2
−)]
5.018 ×10−8 - 0 - ∞
4.933 ×10−8
241Pu→241Am 1.687 ×10−6[
0.0,
3
2
−]
→
[
37.9,
3
2
−]
1.699 ×10−6 1.9 ×10−6 0 0 ∞
1.724 ×10−6
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Table 4: Comparison of Neutral Atom and Bare Atom β− Decay Rate.
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
63Ni
[
0.0,
1
2
−]
63Cu
[
0.0,
3
2
−]
101.2 years 47.177 years 2.15 ×100
66Ni [0.0, 0+] 66Cu[0.0, 1+] 54.6 hours 45.729 hours 1.19 ×100
85Rb
[
0.0,
5
2
−]
1.05 ×100
85Kr
[
0.0,
9
2
+]
10.739 years 5.488 years
85Rb
[
514.0,
9
2
+]
1.58 ×100
85Rb
[
151.2,
3
2
−]
1.05 ×100
85Kr
[
304.86,
1
2
−]
85Rb
[
281.0,
1
2
−]
5.683 hours 5.426 hours 1.07 ×100
85Rb
[
731.9,
3
2
−]
1.34 ×100
93Zr
[
0.0,
5
2
+]
93Nb
[
30.8,
1
2
−]
2.205×106 years 1.690 ×106 years 1.31 ×100
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
95Nb
[
0.0,
9
2
+]
95Mo
[
765.8,
7
2
+]
35.002 days 18.532 days 1.89 ×100
95Mo
[
0.0,
5
2
+]
1.03 ×100
95Mo
[
204.1,
5
2
+]
1.05 ×100
95Nb
[
234.7,
1
2
−]
95Mo
[
786.2,
5
2
+]
64.464 days 61.163 days 1.27 ×100
95Mo
[
820.6,
5
2
+]
1.31 ×100
95Mo
[
1039.3,
5
2
+]
2.31 ×100
99Ru
[
0.0,
5
2
+]
1.21 ×100
99Tc
[
142.68,
1
2
−]
99Ru
[
89.6,
3
2
+]
18.532 years 13.913 years 1.32 ×100
99Ru
[
322.4,
3
2
+]
2.54 ×100
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
106Ru [0.0, 0+] 106Rh [0.0, 1+] 371.8 days 37.745 days 9.85 ×100
107Pd
[
0.0,
5
2
+]
107Ag
[
0.0,
1
2
−]
6.5×106 years 3.628 ×106 years 1.79 ×100
110Cd [2479.9, 6+] 1.21 ×100
110Cd [2539.7, 5−] 1.26 ×100
110Cd [2659.9, 5−] 1.40 ×100
110Ag [117.59, 6+] 253.198 days 76.902 days
110Cd [2842.6, (5)−] 2.13 ×100
110Cd [2876.8, 6+] 2.59 ×100
110Cd [2926.7, 5+] 4.17 ×100
113Cd
[
263.7,
11
2
−]
113In
[
0.0,
9
2
+]
14.103 years 11.898 years 1.19 ×100
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Table 4: Comparison of Neutral Atom and Bare Atom β− Decay Rate.
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
115In
[
0.0,
9
2
+]
1.02 ×100
115In
[
913.8,
7
2
+]
1.12 ×100
115In
[
1132.6,
11
2
+]
1.24 ×100
115Cd
[
181.0,
11
2
−]
115In
[
1290.6,
13
2
+]
44.56 days 43.379 days 1.43 ×100
115In
[
1418.3,
9
2
+]
1.86 ×100
115In
[
1448.8,
9
2
+]
2.09 ×100
115In
[
1486.1,
9
2
+]
2.50 ×100
121Sn
[
0.0,
3
2
+]
121Sb
[
0.0,
5
2
+]
27.03 hours 19.437 hours 1.39 ×100
121Sn
[
6.3,
11
2
−]
121Sb
[
37.2,
7
2
+]
195.982 years 100.969 years 1.94 ×100
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
123Sb
[
0.0,
7
2
+]
1.04 ×100
123Sb
[
1030.2,
9
2
+]
1.42 ×100
123Sb
[
1088.7,
(
9
2
)+]
1.54 ×100
123Sn
[
0.0,
11
2
−]
129.2 days 124.027 days
123Sb
[
1181.3,
(
9
2
)+]
1.89 ×100
123Sb
[
1260.9,
9
2
+]
2.70 ×100
123Sb
[
1337.4,
9
2
+]
6.42 ×100
123Sb
[
160.3,
5
2
+]
1.05 ×100
123Sn
[
24.6,
3
2
+]
123Sb
[
541.8,
3
2
+]
40.06 minutes 38.334 minutes 1.10 ×100
123Sb
[
712.8,
1
2
+]
1.15 ×100
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
124Te [1248.5, 4+] 1.03 ×100
124Sb [10.8627, 5+] 124Te [1746.9, 6+] 356.322 seconds 334.999 seconds 1.06 ×100
124Te [2349.5, 6+] 1.23 ×100
134Ba[1400.6, 4+] 1.22 ×100
134Cs [0.0, 4+] 134Ba[1643.3, 3+] 2.066 years 304.800 days 1.46 ×100
134Ba[1969.9, 4+] 5.80 ×100
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
136Ba[1866.6, 4+] 1.21 ×100
136Ba[2030.5, 7−] 1.27 ×100
136Ba[2053.9, 4+] 1.36 ×100
136Cs [0.0, 5+] 136Ba[2140.2, 5−] 13.16 days 8.401 days 1.47 ×100
136Ba[2207.1, 6+] 1.61 ×100
136Ba[2356.6, 4+] 2.42 ×100
136Ba[2373.7, 5+] 2.58 ×100
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
148Sm [0.0, 0+] 1.04 ×100
148Sm [550.3, 2+] 1.05 ×100
148Sm [1424.5, 0+] 1.14 ×100
148Sm [1454.2, 2+] 1.15 ×100
148Sm [1465.1, 1−] 1.15 ×100
148Pm [0.0, 1−] 5.368 days 4.918 days
148Sm [1664.2, 2+] 1.21 ×100
148Sm [1921.6, 0+] 1.39 ×100
148Sm [2058, 2−] 1.60 ×100
148Sm [2284.4, (1, 2+) 3.21 ×100
148Sm [2314, 2+] 3.54 ×100
42
Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
148Sm [1594.3, 5−] 1.15 ×100
148Sm [1905.9, 6+] 1.27 ×100
148Pm [137.9, 5−, 6−] 43.227 days 29.167 days
148Sm [2095.6, 6+] 1.43 ×100
148Sm [2194.1, 6+] 1.59 ×100
151Eu
[
0.0,
5
2
+]
9.79 ×100
151Sm
[
0.0,
5
2
−]
90 years 9.130 years
151Eu
[
21.5,
7
2
+]
1.71 ×101
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
152Gd [344.3, 2+] 1.10 ×100
152Gd [755.4, 4+] 1.16 ×100
152Gd [930.5, 2+] 1.21 ×100
152Gd [1109.2, 2+] 1.29 ×100
152Gd [1123.2, 3−] 1.30 ×100
152Gd [1282.2, 4+] 1.45 ×100
152Eu [0.0, 3−] 48.437 years 34.137 years
152Gd [1318.5, 2+] 1.50 ×100
152Gd [1434, 3+] 1.73 ×100
152Gd [1550.2, 4+ 2.24 ×100
152Gd [1605.6, 2+ 2.76 ×100
152Gd [1643.4, 2− 3.373 ×100
152Gd [1692.4, 2+3+] 4.94 ×100
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
152Gd [0.0, 0+] 1.07 ×100
152Gd [344.3, 2+] 1.09 ×100
152Gd [1047.9, 0+] 1.23 ×100
152Eu [45.5998, 0−] 12.6776 hours 11.724 hours
152Gd [1314.6, 1−] 1.43 ×100
152Gd [1460.5, 1+] 1.67 ×100
152Gd [1756.0, 1−] 6.14 ×100
155Gd
[
0.0,
3
2
−]
2.35 ×100
155Gd
[
60.0,
5
2
−]
3.03 ×100
155Gd
[
86.5,
5
2
+]
3.58 ×100
155Eu
[
0.0,
5
2
+]
4.753 years 1.310 years
155Gd
[
105.3,
3
2
+]
4.12 ×100
155Gd
[
118.0,
7
2
+]
4.55 ×100
155Gd
[
146.1,
7
2
−]
6.21 ×100
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
171Y b
[
0.0,
1
2
−]
9.23 ×100
171Tm
[
0.0,
1
2
+]
1.92 years 63.931 days
171Y b
[
66.7,
3
2
−]
9.55 ×101
191Os
[
0.0,
9
2
−]
191Ir
[
171.3,
11
2
−]
15.4 days 2.260 days 6.82 ×100
207Pb
[
0.0,
1
2
−]
1.22 ×100
207T l
[
0.0,
1
2
+]
207Pb
[
569.6,
5
2
−]
4.77 minutes 3.912 minutes 1.47 ×100
207Pb
[
897.8,
3
2
−]
1.86 ×100
210Bi
[
0.0, 1−
]
3.83 ×101
210Pb
[
0.0, 0+
]
22.20 years 10.245 days
210Bi
[
46.5, 0−
]
1.69 ×103
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Table 4: (Cotnd.)
Transition Details β− Decay half-life
λBare(= λB + λC)
λNeutral
Neutral Atom Bare Atom
Parent Daughter Levels (Reference:[10]) (Present Calculation)
228Ac [6.3, 1−] 1.55 ×102
228Ac [6.7, 1+] 1.54 ×102
228Ra [0.0, 0+] 5.75 years 1.983 days
228Ac [20.2, 1−] 4.58 ×102
228Ac [33.1, 1+] 2.96 ×103
227Th
[
0.0,
(
1
2
+)]
1.34 ×102
227Th
[
9.3,
(
5
2
+)]
2.16 ×102
227Ac
[
0.0,
3
2
−]
21.926 years 27.833 days
227Th
[
24.5,
(
3
2
+)]
8.82 ×102
227Th
[
37.9,
(
3
2
−)]
1.65 ×104
241Pu
[
0.0,
5
2
+]
241Am
[
0.0,
5
2
−]
14.329 years 4.755 days 1.10 ×100
